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This guidebook for teachers is acccapanied by a 
ooy. The investigations are intended to offer students 
y to study the effects of air teiperature cn air density 
the circulaticn of air and how it changes the amount of 
in the area arouna the Great Lakei, and the 
of the "lake effect" for the economy of northeri^ Ohio. 
, aa>s,'data ta'bles, and graphs aeeomi:an.y " the written 
thor/SA) . X . . 
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INVESTIGATION 



/ Tins EFFECT OF UKE ERIE ON CLIMATE 



INTRODUCTION 
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OBJECTIVES 



The ^Titles of Buffalo, New York;. Erlte, Pennsylvania; and 
^ Palneavllle, Ohio, have a common problem In winter, Jhey have » 
very, heavy snowfall, up to 120 Inches per year. They must 
spend millions of dollars for snow removal. On the other hand, 

t-^ln-'Bay, Ohio a small town on South Bass Island, and Sandusky, 
Ohio are two of the driest spots in Ohio^ Put-in-B^ has about 
2/3 of the precipitation of cities such as Columbus, The orte 
thing in common among all of thMe cities la that they are in or 
close to* Lake Erie. Can the presence of the, lake account both 
for high precipitation In some cltle^s an^ low precipitation In 
other areas? . 

The "lake effect'' not only influences summer, and winter 
precipitation, but also the temperature. The shore of Lake 

arl^will often be cooler In the summer and warmer In the wlntet 



lan other areas of Ohio, 
of Northern' Ohio? 



How does the lake affect the climate 



to: 



When you have co^plet'frd'-this investigation you will be able 

X 

1. Explain how air teFmperature affects a^r density and ' ^ 
movement . " f 

2. ^ DesLcrlbe how and why local winds near the shore change 

dit^ection from day to night, and from winter to summer. 

3. Describe how the circulation of a£\r is affected \^ the 
land--water Interface. " 



ACTIVITY A 



4. Describe how this circulation changes the amount of 
precipitation in the area around the Great Lakes. 

^« *\ 

5. Identify implications of the "lake effect" for the 
economy af northern Ohio* 

WHAT CAUSES tHE LAND-SEA BREEZE? 



Perhaps you've seen a fire at home in a fireplace, or out- 
side during a weinet-roast • What happened to the smoke? Normally 
it will rise u£ into the air. Why? As air heats up it becomes 
^lighter (less dense) and it rises carrying the smoke with it. As 
the air rises, it leaves an "empty space" (area of low density air) 
in and above the f^re. Something must fill in the "empty space," 
what? Obviously more alV, but where does it come from? The air 
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PROCFDURK 



moves In ftom all around the aides of 'the fire becaiise it 1« 
cool#r and "heavier" <m e -r» d #iwe^ — IhiA_rua Lair then he ated. 



becoming Leaa denae» and it rises. 



Carefully observe the demonstration (Flj^ure 1) that your ' 
teacher has set up for yoy. Answer the followinf^ questions: 



Side V^ew 
glass top^ 



.>j> .HI r 



11; 




pllK 
caps 



^modeling clay to 
hold thermometers 



Vlish with 
potting soil 



lamp 



Top View 



dish with 
potting soih 



thermoif 



Fiiture 1 . Side and top views of teacher demonstrat 1 



on 



# V 

■ ■ : ^ 

Observe the four thermometers in ^he container. . Where 

is it hottest? Where Is it coolest? 

What ^re your hypotheses about how the 



air inside the t^ank might be moving? 



2. Can you see air around you move? 
you could observe the air's motion, 



List: some ways 



ERiC 



3. What could we do to' actually see the air move inside 
this tank? 







A. Where would the denser air be located Ih the tank? 



The less dense air? 



Why? 



5. Why doM the air move in the way that it does? 



' The process you observed In the tank Is the lartd-sea breeze 
e|ffect In ihlnlature. The land quickly reacts to changes In the 
amount of heat from the sun, whereas the water Is slow to react 
to fuch changes. Water has a high specific heat . It stores 
heat more efficiently and longer than. does the land. > 



During what part of the day will wind move from lake to 
shore ?_ Why? ' 




ACTIVITY B 
MATKRIALS 



HOW D(fkS UKE ERIK INmiENCK THE CLf^lATE OF NHARBY UNI) ARP:AS?" 

i 

Craph paper and pencil. 

In this part of the av.tlvlty you will be constnutinK a 
Kraph showing the relationship betwet^n prec ipi tat ion , t emperaturt? 
and (Il8tanc,e from the shore of Lake Erie in an area of northwestern 
Ohio (Figure 2). ' ' 




Put tn a«y 




# Tiffin 



OHIO 



# Bucyrut 



Figure 2. Map of the Lake Erie shore near Sanduslcy, 0hl6 



Plcrf 



^are a graph from the data In C/plumns 2 and 3 of Figure 3 
S^the distance from Lake Erie on the horizontal axis. and 
the Average monthly range of temperature on the vertical 
axis. \ What happens to the average monthly range In 
temperature as the 4istance from the lake increai^es? 



What might cause this? 



7 



erJc 



Loca t lona 

Sandusky 

Tiffin 

Bucyrua 



Dj-atance from 
Lake Erie 



1 <■ 
30 
50 



Ave rage Monthl y 

R ange • 
Temperature (op ) 



13.7- 
15.9 
19.5 
21.5 



Number o f 
' Frost* Free ^ 
, Days 

- -2^5- - _ - 
19A * 
162 
15A 



vFigure 3, 



2. 



Distance from L^ke an^ Temperature 

J*repare a. second graph from the data in Figure 3. . 
Plot the distance from Lake Erie (Column 2)^a8 the 
horizontal axis and the number of fro8t->free days • 
(Column 4) on the vertical axi>. Whar' happens to the 
number of f rost-f reel^^«ys as the dl«*tance from the 
fake increases? . ' what might cause this? 

/ 



3. 



The Lake Erie islands seem especially well adapted for 
growing grapes. This is primSrily because of the plimate. 
What, temperature eonditloi\s do you think are important for 
good viniculture (grape growing)? ^ 



; 



We have now seen that Lake Erie has a modei;ating e>ffect.^on the tempera- 
ture 6f regions' In and around the lake.. Does it affect precipitation? 

» 

4. Prepare » graph from the data in Figute 4. '.Use a different color 
to plot a line for each of the A locations. ?lSt the months on 
the horizontal axis and the precipitation In- Inches along the 
vertical axis. How does precipitation change fropi the Lake 
Erie islands inlahd to Bucyrus? Is this what you expected? 



Sandusky 

Tlf^n 

Bucyrus 



Jan. 


Feb. -Mar. 

■ f — — 
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3.3 


2.7 


2.3 
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2.3 3. A 


3.3 3.6 


A.l A.l 3.2* 
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Precipitation 


3.2 


2.9. 1 


2.6 








Figure A . 
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Examine Figures 5 and 6^ Wtiere does the hfgh^at snowfall 

ocl?kr In relation to Lake Erio? Ts this 

al?w the area of highest annual precipitation? v 




r. 



FlRure 5- Annual Snowfall Lalfe Erijp Replontln inches. 




Figure 6. Total Annt^al Precipitation in Lake Erie Region in inches 

Where do^you think most of the water comes from that falls on 
Buffalo either in the form of rain or snow? 



How does this water get :^nto th^ air? 



Sandusky is right next ;:o the lake as is Buffalo. Why do you 
think Sanciusky gets so much less moisture? 



The prevailing winds ovet Lake Erie are fi^om the southwest anti 

» 

Ref to tft# f>i?«par«^ in 4, — During-what mont^t - ~ 

do you find the gre-atest dlfferfence in precicrltat ion between 

Bucyrus and Put-in-Bay?__ How do you think 

Biicyrus gst^Jnst of its rainfall in that month? 
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PROCEDURE 



Examine the Lake Erie coastline on your Ohio map. Locate a town 
<!allpd Vermilion. Keeping In mind the results of Activities A and B . 
concerning temperature and precipitation differences, air density 
differences and-xalr circulation, answer these, questions: 

( - ' 

1. What would you expect the wfeather conditions of Vermilion, 

Ohio, to be? Consider the following: \ 
a) summer temperature near shore 
^ b) winter temperature near shore 
c) precipitation 



d) ftost-free (Jays (growing season) 



During the summer, air over the surface of the lake Is cooler 
than th^ oyer land (remember the demonstration in Part A). Because 
of this, few^ thunderstorms form over the lake. There simply Is not, 
ejiough energy (Heat) coming up from the lake surface tdxcause them to • 
form. The moisture In the air, therefore, stays fhere until It gets 
over and beyond the western ^^nd of the lake. This Is one of the ' 
reasons that Put-ln-fiay Is the driest part of Ohio, 

ACTIVITY C CAN YOU MAKl A GENERAL CLIMATE PREDICTION? ^ . 

MATERIALS Road map of Ohio " ' ' 



2. Draw two diagrams of. the Lake Erie shoreline near Vermilion^ On 
one diagram. Indicate the wind circulation expected on a summer 
evening. On the other diagram, indicate the wind circulation 
expected in mid-afternoon In the summer. 



/ 
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RKVIEW 
()UKSTI0N5> 



I. How do winds near a 'shoreline circulate during the day? 
at night? • 

, 2>\^^ t he circulation pattern af fect the amount of . , 

Ipltatlon ahd therefore the climate of an area? 



3. Ijj;^ Is the* agricultuxal economy ot this -area related to 
air circulation patterns? ^ , 

4» Why Is^ there more precipitation at Buffalo, New York than 
in Sandusky, Ohio? / ^ 
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OVERVIEW 



PREREQUISrTE 

STUDENT 

BACKGROUND 



OBJECTIVES 



MATpRIAiS 



Attlvlty A Is a teacher's demonstration thrpugh which the 
students will observe the land-sea-breeze effect in miniature 
and examine it;a clauses. In Activity R, the students will com- 
pare the t)recipitation and number of frost free .days in four 
Ohio cities with the distance from Lake Erie's shcJre; This is 
done to develop the idea of how Lake Erie affects the precipi- 
tation and temperature of surrounding areas. Activity C asks 
students to recall ahd use the information from B and C to make 
a general predict ion ijbout the climate of Vermilion, Ohio, 



Students should have some familiarity with the co!icepts of 
iltr- i6J?J.AtZ» wind ?I iJK^yjemer^ and their relationship 

R^r^-^JlP-^iiLyj?-"}-!- also specific Heat. 

Section 2-13 of KSCP ilnyjis^ij^atin^ the Ei^th^ 1978) deals' ^ 
with condensation,, dew pointy and clouds. It would be helpful " 
to review this. introductory material first. Ideally, this entire" 
investigation should be preceded by OEAGLS Invest fjjat ion ill: The 
Ef_fect of Lake 'Erie on Ohio'ji Tera^eratuj^e . 

When the students havg completed this investigation they should 
be able to: \. " 



1 

2 

3 

4, 



Explain how air temperature affects air dertfeity and movement. 
Desgribe how and why local winds near the shore change 
direction frt)m day to night and from winter to summer. 
Describe how the circulation of air is affected by the 
land-water interface. ' * 

Describe hoV the circulatipn of. air changes the amount 
of precipitation in the area around the Great Lakes. 
5. Identify implications of the ''lake effect'* for the . 
economy of northern Ohio. - 

10-20 gallon aquarium tank, 8x8 baking dl^h or 8-lnch pie pan, 
3-5 ml of concentrated hydrochloric acid and .anrnionium hydroxide, 
heat lam[^» glass op plexiglass aquarium cover, modeling clay, two x 
medicine dropperiS, two plastic pill bottle caps', four th^rmotn^ti^rs, ^ 
vater^ graph paper (5 squares to one* Inch) , pencil, and road map 
of Ohio. * 



BACKGR0U>1D ; 
INFORMATION 



Make sure you- are familiar with how air ^temperature affects air 
pressure and density, and how air pressure affects the alr'e movement 
or the ylnds. A standard earth science textbook can provide this 
infomvatlon. . • 
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SUGCBSTED 
' APPROACH . 



ACTIVITY A 



PROCEDURE 



Activity A in a teacher's demonstration; Make «iire you have 
tried out your aet-up first/ 

# Activities B and C could be done individually, or/wlthln small 
lab groups. 

WHAT causes" the LAND-SEA BREEZE? 

The introductioi^ to this activity is meant to provide the 

.students with clues about what to look for in the tank and why 
the smoke plume Is moving that way. 

Keywords : 5len8i^j, L^ilt§M breeze effect , specific heajt^, L9!1Y^^^^1j?" • 

No t e : You should check to be sure that no thermometers ar6 in a 
shadow when the lamp is turned on and also that the light does not 
«hlne directly on any thermometer bulb. 



Cauti oiy: Care should be taken to prevent sLtudents from tampering with 
(;|»micalsl .If chemicals conta^kskin, wash the' affected areas thorough- 
Ijl at once. Clean up spills ii^bdiately. Both chemicals have a 
noxious odor, so keep containertP^ealed except when- the chemicals are 
being used. 



1) Set up your apparatus as shown in Figure' TG-^1 • Be certain 
that the lamp is centered over both water and soil. 



Side View 
g\ass top 




Top View 



to ^dh 



Smodelir\g clay to \lish vylth 
hold thermometers potting soil 



dish with 
potting soil 




thermometers 

/ 

Figure TG-1 : Side and Top views of Teacher's Demonstration 
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2) Use one dropper to put 3-5 ml of hydrochloric acid Into 
one of the pill caps. < * 

3) Cover the aquarium and turn on the heat lamp* for 10-15 
minutes before dolnR the demonstration* 

4) Willie waiting for^heat to build up Inside the tank, dis- 
cuss with students the Introductory materials included 
In the Student Guide, 



5) After 10 -mlnutee, have students answer questions 1-3. 
Answers should be as follows: ' 

1. Hottest area is over "land/' coolest is under 
water. Accept any reasonable hypothesis about 
ho* air is moving In the tank. Heated air 
should rise over the land and cooler air should 
flow In from the -watet tp fill the "empty space" 
left by the rlai^ Air. 

( 

2. Moving air isn't visible ,"T5ttt ltd effects are* 
We can see trees swaying ana clouds find smoke 
being carried by the wind,/ 

3. Here ^he answers may vary, Som€> suggestions might 
work on a lar^ge scale but be impossible for use 

^ in this small tank. Accept each of the suggestions 

of your stu<;lents, dlscusdi'np ^hem vlth the class. 

6) Draw 1 ml of ammonium Hydroxide into a. clean dropper. 

7) Quickly slide the aqyarium cover over a bit and carefully 
drop ammonium hydroklde' into the empty pill cap- The 
vaporizing HCl and ammonium hydroxide react In the air 

to produce anponium chloride, tfie white plutne. 

8) Remove dropper quickly and replace the aquarium cover. (A 
white "smbke'^^lume should trace out the circulat^lon pattern 
within^ the tank). , 

^) Have students complete the answers for this activity based on 
their observatHons. 

4. The "smoke" particles are light enoug|i to be / 
carried by air. Therefore, they are carried J)y 
, the movement of^ the. air and outline the air currents** 
The less dense ,air over the land is rising and the 
^ denser air over the water is moving in over the land 

to fill in the "empty space." The lighter air has 
then moved over the water .cooled, dropped, and 
^ moved in over the solT to cbmplete the convection cell. 
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5, The denser air would be located over the cooler 
water. The less dense air would be rising over 

V * the hotter land. 

6. The. wind will move f.Cj^tn the lake toward the 
sffbre during the ml^-day to afternoon. By 
this time, the sun has warmed up the land 
more than the lake, ^ ' * 

. ■ 7 ^ 
HOW DOES UKE ERIE IN^ENCHj THE CLIMATE X)F NEARBY lAUD ARFJVS?. 

Answers to questions In student's Investigation: 

1. '*A^' gra^yh. The average mont\jly range in temperature 
increases as you move farther from the lake,^ The range 
is caused by 'the lake's acting as a moderator, for the 
immediate surrounding temperatures. The range is part 
of the "lak«. effect" because tnie lake slowly releases 
^ its stor^d-^up energy (apecific heat) to the air and keeps 
it warmer in the fall ^nd winter. Therefore, the tem- 
4 * ? perature does not vawy as much (have as great a range) 
■ near the lake. 
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•'B" sraph. the number of froat-free days deoreaaofi 
as you move farther inland from the lake. This decrease 
Is also part of the "lake effect." The lake slowly 
gives off Its heat energy to the atmosphere, thereby 
keeping nearby land warmer and keeping the frost away 
longer than farther inland; ' r 



B. 



0 




' I 1 r-^ — I — 1 

0 10 20 > 50 40 50 - 60 
Dist-ance from Lake Erie (miles) 

/ 



Viniculture requires a long growing season (more frost- 
free days) and moderate temperatutes (warm, with no severe 
changes.) ^ 

"C** graphi In general^ ^:he precipitation Increases as you 
move inland froin the lake. 



The highest snowfall occurs not far from the Lake Erie 
coast between Erie, Pa., and Byffalp, N.Y. Yes, this 
JLs also the area of highest annual preorf.jJita'tion. 
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6, The water that falls x>n Buffalo ^as rain and snow comes 
primarily from Lake Erie. 

7. The water which falls on Buf f alo .giets into the air by 
evaporation'as the prevailing Southwesterly winds blow 
over the lake's surface. 

8, Sandusky is along th^f southweertern shoreline oi Lake Erie* 
Because the prevailing winds come from th^ southwest, the 
wind has been traveling over dry land and has hot yet 
picked up much moisture. More moisture becomes available 
as the wind travels over Lake Erie vtoward Buffalo. . . 

r t 

9. The greatest difference in precipitation between Bucyrus 
and Put~ln~Bay is found duirlrtg the month of July. Bucyrus 
could Ue getting its rainfall from the moisture which 
enters the air from evaporation over streams and the land 
itself. ^ ' 
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ACTIVITY C 



CAN YOU MAKE A GENERAL CLIMATE PREDICTION? 

1. Vermilion, Ohio, Is situated along the Lake Erie shoreline 
, as Is Sandusky. Sunuhei:' temperatures In Vermilion would warm 
u{i slower than Inland cities because" of proximity to the Lake, 
but oncri the water warms up, the Lake will help keep winter" 
temperatures from dropping as low as thos*! farther Inland. 
Using the climate data from the cities In Activity B and the 
geographic position of Vermilion, students can predicf that 
precipitation would range from about 1.5 inches in January 
to 3 inches in late spring. The average number of frost-free 
days would about 19A. 



REVIEW 
QUESTIONS 

♦ 




Si^er Evening 





lak€< 


breeze \ 





Suimuer Afternoon 



!• During the day, the Land heats up faster ^han the water. 
The air above the land Is heated and rises because It Is 
less. dense. Cooler (more dense) air above the water blows 
Inland to fill In the "empty space." This inland movement 
of air Is called the on-sho re breeze ♦ 

At night, Just thft opposite air movement occurs. The 
land cools off faster than the water. Thus, the air 
over the water becomes less dense and rises. The cooler 
air from over the land blows off-shore to fill in the 
"empty space. This is called the evening off-shore 
breeze . 

2. The circulation pattern of air does affect the precipi-- 
tation of .th.e'area. The on-shore breeze brings moist 
air from over the lake. As it passes over the land, the - 
air warms and^ises. As warm moist air rises, rain clouds 
are formed and are then blown further Inland where the 
moisture falls as rain. 

3*. The agricultural economy of t^hls area is vefy dependent 
'upon tlje- precipitation brought Inland from the lake. ^ 
, The air circulation also allows' more frost-free days 
and therefore a longer growing season. 

A. There is more preclpttation at Buffalo, N.Y., because 
the prevailing winds from the west have traveled over 
the lake and picked up moisture. ^ The»e wind? move In- 
land across Buffalo and release the moisture as rain* 
Sandusky, however, ln^ on the-^westem shoreline of the 
lake. The prevailing westerly winds have beep traveling 
<»ver the land and have not had a chance to pick up much 
moisture. 
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Warm air, when surrounded by cooler air, will: 

*l. rtse. 
2. sink. 

3-. \ieither rise nor sink. 
4. sink, then rise. 

I 

Over a very small geographical area, winds blow: 



1^ from areas of wjjrm air to areas of cooler air. 

*2. from areas of cool air to areas of v)armer air. 

'3 ♦ only vertically In areas of warm air. 

4. along the prevailing wind direction at a,l 1 times. 

3. l^Jhlch Heats uo faster when the sun Is shining? 



' I. water covered by Ic^ 

2* land and vfht:er heat up at the same rate 

3. water (lakes) ; 

* 4. land • ^ ^ \ 

m ' ' 

4. In the summer, th'e temper^jture of air ' 

1- over water and the nearby land is the same, night or day* 
2. always follows the prevailing wind direction* 

over water is warmer at night than over the nearby land, 

4. H)ver water Is warmer during the day than air over the nearby 

1 and . 

5. As ivou go along Lake Erl-e from Sandusky, Oh'io, to Erie, Pennsylvania, 
the average yearly^preclnltation * 



^ ERJC 



* 1 . increases . < 
2. decreasets. 
3v remains the same. 

6. Normally, an air ma^s origlnating^ver water Vill 

have the same amount of H^O in It as an air mass over land, 
2. have lesa water in it than an air mass over land. 

hiave more water in it that> an air mass ov^r land, 
4. gain or lose water only in the daytime, when the: sun is shining. 
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titles downwind from a large water body wll! got 

1. more prec/pltat Ion In the ylnter after the lake surface Is 
covered with Ice. 

2. the same aihoimt of precipitation as cities downwind from land, 
less precipitation than cities downwind from land. 

M. more precipitation than cities downwind from land. 

Compared to Inland cities, cities, near large bodies-'of water will be 

I. warmer in 4^ winter and warmer in. the summer. 

*2. warmer in the winter and cooler in the summer. 

3. cooler in the winter and warmer in the summer. 

4. cooler in the winter and, cooler In the summer. 

* 

Frost-free days are days when the air temperature near the land 
surface does not fall below freezing. As you ^et closer to a 
large body of water, the number of, frost-free ^ays per year 

*1 . Increases . * ^ 

2. decreases. . * 

3. stays the same. ' 

4. increases, then decreases. ' 

A major "Industry" of northern Ohio and the Lake Erie Islands 
that results from the Influence of the lake on climate is 

1. electrical power generation. 

*2. raising grapes. 

3. producing steel. 

4 . shipping . * 



